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METHOD AND SYSTEM FOR 
DETERMINING A COMPANY'S 
PROBABILITY OF NO DEFAULT 



BACKGROUND 

1 . Field of the Invention 

The instant invention relates to the field of credit and financing instruments, and 
10 more particularly to the field of determining company default probabilities using 
observable market information. 

2. Description of the Related Art 

In the credit market, there is considerable concern with and interest in 
understanding and predicting the risk for a given credit transaction. One of the risks is a 
15 default by the borrower, and subsequent loss of all or a part of the credit "investment". 

When extending credit, there is also an interest in comparing the relative risk for different 
borrowers, where one of the risks includes a risk of future default. 

Understanding and providing a measure for the risk of a company's default has 
been attempted in a number of different ways. Most of those techniques use very 
20 complicated market factors, relationships and subjective judgement about the borrowers 
and market trends. Few of the known systems use a straight-forward, understandable, 
repeatable and dependable process. 

What is needed is a system and method to provide a prediction or probability of a 
company's default, which uses primarily observable market factors and historic trends. 
25 SUMMARY OF THE INVENTION 

In one embodiment, the invention provides a method and also a system for 
determining a company's probability of no default over a future time horizon. The 
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method includes determining a factor reflecting price volatility of shares in the company; 
determining a factor reflecting price of the shares in the company; determining a factor 
reflecting debt per share of the shares in the company; determining a factor reflecting 
expected debt recovery fraction; determining a factor reflecting percentage standard 
5 deviation of the expected debt recovery fraction; and determining the company's 
probability of no default using at least those factors. 

In one embodiment, the method of the invention computes the company's 
probability of no default B(T) using equations substantially in the forms: 



10 (s 0 +LD)exp(z 2 ) ^ 

a — — ^ 

LD 

A] = (<r*S* /(S* + Fd)Jt + A 2 ; and 
B(T) =N 

1 5 where So is the factor reflecting current price of the shares in the company, 

S is a given share price and is the factor reflecting price of the shares m the company, a s 
is a standard deviation of share price returns and is the factor reflecting price volatility of 
shares in the company, D is the factor reflecting debt per share of the shares in the 
company; L is the factor reflecting expected debt recovery fraction, A is a percentage 
20 deviation of the expected debt recovery fraction and is the factor reflecting percentage 
standard deviation of the expected debt recovery fraction, and N is the cumulative 
standard normal distribution function. 



-0.5A T 



-d*N 



ln(J) 



-0.5 Ar 
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In one embodiment, the invention includes computer executable software code 
stored on a computer-readable medium, the code for determining the company's 
probability of no default. The code includes code to determine a factor reflecting price 
volatility of shares of the company; code to determine a factor reflecting price of the 

5 shares of the company; code to determine a factor reflecting debt per share of the shares 
of the company; code to determine a factor reflecting expected debt recovery fraction; 
code to determine a factor reflecting deviation of the expected debt recovery fraction; and 
code to determine the company's probability of no default using the factors. 

In one embodiment, the invention a computer-readable medium with computer 

10 executable software code stored on the medium, the code for determining the company's 
probability of no default. The software code includes code to determine a factor 
reflecting price volatility of shares of the company; code to determine a factor reflecting 
price of the shares of the company; code to determine a factor reflecting debt per share of 
the shares of the company; code to determine a factor reflecting expected debt recovery 

15 fraction; code to determine a factor reflecting percentage standard deviation of the 

expected debt recovery fraction; and code to determine the company's probability of no 
default using the factors. 

In one embodiment, the invention includes a programmed computer for 
determining a company's probability of no default. The computer includes a memory to 

20 store program code and a processor to execute program code. The software code 

includes code to determine a factor reflecting price volatility of shares of the company; 
code to determine a factor reflecting price of the shares of the company; code to 
determine a factor reflecting debt per share of the shares of the company; code to 
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determine a factor reflecting expected debt recovery fraction; code to determine a factor 
reflecting deviation of the expected debt recovery fraction; and code to determine the 
company's probability of no default using the factors. 

The foregoing specific objects and advantages of the invention are illustrative of 
5 those which can be achieved by the present invention and are not intended to be 

exhaustive or limiting of the possible advantages that can be realized. Thus, the objects 
and advantages of this invention will be apparent from the description herein or can be 
learned from practicing the invention, both as embodied herein or as modified in view of 
any variations which may be apparent to those skilled in the art. Accordingly the present 
10 invention resides in the novel parts, constructions, arrangements, combinations and 
improvements herein shown and described. 

BRIEF DESCRIPTION OF THE DRAWINGS 
The foregoing features and other aspects of the invention are explained in the 
1 5 following description taken in conjunction with the accompanying figures wherein: 

FIG. 1 illustrates a system according to an embodiment of the instant invention; 
FIG. 2 illustrates a one-dimensional plot of Brownian motion; 
FIG. 3 illustrates a method according to an embodiment of the instant invention; 
FIG. 4 illustrates different annualized default spreads for different factors; and 
20 FIG. 5 illustrates annualized default spreads for two example companies. 

It is understood that the drawings are for illustration only and are not limiting. 

DETAILED DESCRIPTION OF THE DRAWINGS 
Few successful companies are totally self financed, with most companies relying 
25 instead on the issue of various forms of financial instruments or securities to fund their 
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operations and growth. Some of those instruments or securities are considered equity 
securities, while others are considered debt securities. In exchange for issuing the 
securities, the company receives cash. Depending on whether the security is a debt 
security or an equity security, the company either promises to repay the holder according 

5 to some terms, or the company provides the holder an equity share in the company. 
Typically, the holder of a debt security (or "bond") will receive regular and periodic 
payments on the security (comprising interest and principal) according to set terms. 
Because the payments include principal, at some point, the holder of the debt security 
will be completely repaid and the company will owe them nothing. As a result, the 

10 "return" on the debt security is known unless the company defaults, or stops making the 
required payments. However, even in the event of a company default, the holder of the 
debt security will have certain rights in the company assets, such as through bankruptcy 
proceedings. 

In contrast to the holder of a debt security, the holder of an equity security is 
1 5 entitled to share in the profits of the company, and will similarly share in the losses of the 
company. As a result, the equity shareholder's "return" on their investment can be highly 
variable. In the event of default or bankruptcy of the company, the equity shareholder 
will only recover their investment after payment of superior interests, such as debt 
securities. 

20 Because of the differences in relative risk and return on debt and equity securities, 

they satisfy different investment needs. Where an investor requires low risk of loss and 
stable return on their investment, they are inclined toward debt securities (e.g. bonds). 
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When the investor is willing to accept greater risk in return for the possibility of greater 
return on their investment, they are inclined toward equity securities (e.g. stocks). 

Though there are other differences between the two types of securities, they are 
not particularly relevant to the instant invention, except to the extent that in the event of a 

5 company's default, the holders of debt and equity securities are treated differently. 
Accordingly, it may be important to the holders of securities to have knowledge of the 
risk of the company's default. To assist the holders, there are various credit rating 
agencies, which assign ratings to companies according to their risk of default. These 
credit rating agencies include Fitch Investors Service, Moody's, and Standard & Poor's. 

10 Some issues, such as Treasury bonds, which are backed by the U.S. Government are 
considered free of risk of default. The highest rating for a company is a AAA rating. 
There are other lower ratings. Some company's "junk" bonds are considered as having a 
very high risk of default, with a commensurate low rating. 

In the instant invention, the price of a company's stock or security, volatility of 

1 5 the company's stock or security price, information on the company's debt per share, an 
expected debt recovery fraction upon default, and the uncertainty in the debt recovery 
fraction are used to estimate the probability of the company not defaulting for various 
time horizons. This information is particularly useful in rating the company and making 
investment decisions in the credit market. 

20 A starting point for the instant invention is the approach suggested in Merton, 

R.C., On The Pricing Of Corporate Debt: The Risk Structure Of Interest Rates , Journal of 
Finance 29, pp. 449-70, 1974. Another suggestion is provided by Leland, H., Corporate 
Debt Value, Bond Covenants, And Optimal Capital Structure , Journal of Finance 49, pp. 
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1213-52, 1994. Finally, another suggestion is provided by Longstaff, F.A. & 
SchwartsJE.S., A Simple Approach To Valuing Risky Fixed And Floating Rate Debt , 
Journal of Finance 50, pp. 789-819, 1995. As proposed in these articles, an event of 
default occurs when the asset value of the company falls below its liabilities; either at 

5 maturity (Merton) or before maturity (Leland). 

Using this basic premise, the instant invention identifies a group of observable 
market indicators as inputs to a company default predictor, and provides relationships 
between the predictors as a closed form solution, suitable for predicting a company's 
probability of no default for any given time horizon from / = 0 to t = T . 

10 System of the Invention 

The method of the instant invention can be accomplished by hand. However, it is 
advantageous to perform the method in an automated manner and the embodiment 
illustrated in FIG. 1 is appropriate for that purpose. As illustrated, system 100 includes a 
computer 102, with various inputs 104, 106, 108, 110, 112 and output 120. The inputs 

15 104, 106, 108, 110, 1 12 are configured to interface with computer 102 using input device 
126. The output 120 is similarly configured to interface with computer 102 using output 
device 118. Computer 102 further includes a central processor unit (CPU) 122, a 
memory 124, a removable storage media 114 and a user interface 116, each of which is 
interconnected using bus 128. Computer 102 runs various computer programs, or 

20 software which include operating systems and applications programs. The computer 
programs may also include telephony communications programs, or network interface 
programs. 
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In one embodiment, computer 102 is a personal, desktop, laptop or personal 

digital assistant type of computer. Depending on the configuration, it may include a 

PENTIUM or similar class CPU 122. Memory 124 includes read only memory (ROM) 

and random access memory (RAM) with all of the variations thereof (EPROM, DRAM, 
5 SDRAM, etc.). Memory 124 is interconnected to CPU 122 and other elements of 

computer 102 by bus 128, which provides signal connection and a path for the exchange 

of data and information between the elements of computer 102. 

In the illustrated embodiment, removable storage media 1 14 includes magnetic 

disk drives, both removable floppy and hard disk, flash memory chips or modules, as 
10 well as optical storage or compact disk (CD) and the associated drives. Removable 

storage media 114 can include both applications program instructions and data for the 

applications programs. 

In the illustrated embodiment, user interface 116 includes keyboards, voice 

recognition software, and graphical display pointers (e.g. mouse, trackball, touch-screen 
15 & electronic pens), as well as video display terminals, all of which allow a user to 

interface with and control system 100. 

In the illustrated embodiment, output device 118 includes data display terminals, 

printers, facsimile, e-mail, Internet connection and any of the types of devices which can 

be used to convert electronic information or data into an understandable form. Output 
20 device 118 provides a probability of no default 120, which is determined by computer 

102 according to inputs 104, 106, 108, 1 10 and 112, using the method further described 

below. 
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In the illustrated embodiment, input device 126 includes network interface cards, 
modems, scanners, facsimile with optical character readable capability, and other devices 
which can convert information into a form that is useable by computer 102. It is possible 
that input device 126 and output device 1 18 are functions of the same device, such as a 
5 network interface card. 

As illustrated in the embodiment of FIG. 1, various input data 104, 106, 108, 110, 
1 12 are provided to computer 102 through input device 126. These sources of data are 
illustrated as individually connected to computer 102. However, it is possible that a 
single connection, such as through a modem, TTY or the Internet provides access to all of 
1 0 the input data. Input data includes share prices of companies 104, volatility of the share 
price of the companies 106, debt per share of the companies 108, expected debt recovery 
fraction 110 and deviation in the expected debt recovery fraction 112. It is also possible 
that computer 102 maintains historic information and computes volatility of share prices 
and deviation in expected debt recovery fraction from the historic information. 
15 Regardless of whether input data 104, 106, 108, 1 10, 1 12 are externally provided, or 

internally computed, these data constitute observable factors of individual companies, or 
industry groups. 

Method of the Invention 

At the beginning, the invention introduces a variable V which is termed an "asset 
20 value". However, this asset value does not necessarily coincide with any particular or 
actual asset value of the company. Rather, it is a reference value suitable for use with the 
invention, allowing comparisons and contrasts between different companies, in different 
industries. Next, the invention introduces the concept of a company's default event as the 
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point in time where the asset value falls below a predetermined barrier. Rather than make 
the predetermined barrier a point of technical default where debt exceeds assets, this 
barrier is a more realistic estimate of the point where the company would likely default 
their regular payments of debt securities. This concept of establishing a default barrier 
5 was proposed by others and is not new to the invention. In the invention, we can assign a 
numeric value to the default barrier as LD , where D is a ratio of a given debt per share 

in the company and L is an average or expected debt recovery fraction ( 0 < L < 1 ) of the 
company's debt as a whole. 

The ratio of debt per share, D , of the company is available from sources such as 

10 the company's annual report and regular SEC filings by the company. An average 

expected debt recovery fraction L reflects industry information on the recovery of debt 
following default for various companies and is available from sources such as Moody's 
and Standard & Poor's reports. As examples, in January 2000, Moody's published 
Historical Default Rates Of Corporate Bond Issues, 1920-1999 . Similarly, in February 

1 5 2000, Standard & Poor's published Special Report: Ratings Performance 1999 - Greater 
Risk Means More Defaults in 1999, the disclosures of which are both incorporated herein 
by reference. 

The invention also establishes a relation between Asset Value V , Asset Volatility 
a, a given share or Stock Price S and share or Stock Price Volatility o$. Share or Stock 
20 Price Volatility as is a measure of the annualized standard deviation in the share or stock 
price return. There are a number of different formula that will provide a numeric value 
for this volatility in the share or stock price. Any of these formula are appropriate for the 
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purpose here. One such equation for calculating annualized volatility as in the stock 
price (assuming 252 trading days in a year) is: 



where n is the number of days in the period, P t is the stock price on the i 7 day of 
the n days and x is the average or mean of the x/s. 



by the implied stock volatility from the equity option market. 

In the work of others, it has been shown that when considering probability 
distributions in stock and securities prices, the company value tends to follow a log- 
normal distribution as compared to a traditional bell shaped curve. One reason is that the 

15 company value is almost always positive and therefore the symmetric tails in a standard 
distribution curve do not provide an ideal good model. Thus, for the invention, we 
assume a log-normal asset value. 

Using this log-normal asset value, the default probability for a company mostly 
depends on the distance R (in a log-normal space) between the asset value V described 

20 above and the default boundary ZD , in terms of standard deviation a. This can be 
expressed as: 



n 





In the invention, the volatility as may be given either by historical price returns or 



(2) 



R = 




a 
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Using Ito lemma we find the following relation between the company stock price 
S 9 volatility the asset value V, and asset value volatility a: 

(3) 



As a result, 



<7 s S = aV(dSldV\ 



(4) 



10 



where 



(5) 



F = ln 



v / z Xipsiw) 



15 



20 



It is clear from Eq. ( 4 ) that the term Sa s , which depends on observable market 
data, plays a very important role in estimation of the default spread. 

The function F is another important term that should be estimated. It can be 
assumed, that when the company's asset value is near the default boundary LD , the 
stock price will change linearly with asset value as S = a(y -LD), where L = K (S=0) / D 
One can see that in this case 



(6) 



F*S , 



S «LD, 



and F does not depend on the slope a 
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When the company's asset value is away from the default boundary S/V -» 1 and 



(7) 



F«51n 



LD , 



S » LD. 



The simplest expression for F that satisfies Eqs. ( 6 ) and ( 7 ) simultaneously is 



(8) 



f = (s+ld)\A±L 



S + LD^ 



LD 



10 



and the distance R is: 



(9) 



„ (s + LD). ( S + LD^ 
R - -In 



v LD , 



which leads to Eqs. ( 10 ) and (11) below. 

Assuming that the company is not in default today and also has an initial asset 
15 value, we can set the initial asset value V at time t = 0 (today), (i.e., V Q ) as: 



(10) 



V 0 =S 0 +LD, 



where S 0 is the current stock price of the company. 
20 Next, the invention determines volatility a of the asset value, by using a given 

share price S* and volatility of that given share price <j* s so that: 



(11) cj = crl . _ . 

V ' S S*+LD 
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It is important to note that the given share price S* is not necessarily the current 
price of a share So of common or preferred stock, though it can be. For the purposes of 
flexibility and fine-tuning, it may be appropriate to select a given share price S* and 
5 associated volatility with consideration for the desired no default time horizon and the 
type of company or market. For example, if there has been significant market movement 
in the past month, which is not representative of the past movements, it may be 

appropriate to use a given share price S* that is biased to the period before the recent 

uncertainty. This may be particularly important when the no default time horizon is many 
10 years in the future and there is a belief that the recent movements are an aberation. 

Alternatively, if the period of interest for calculating probability of default is shorter (e.g., 
less than one year) then it may be appropriate to include the recent volatile period in 

establishing the given stock price S* . Thus, S* can be an instantaneous share price, as 

determined by the current selling or trading price, or it can be a recent or past daily mean, 

15 weighted mean, medium, high, low, closing or other value. The primary factor is that S* 
somehow reflects a reference share price, if using historical volatility a^. 

The share price volatility a* s is the standard deviation of the give share price S* . 
Volatility is thus determined from the share price over a recent time interval. The 
interval of time used to calculate the share price volatility <j* s should have a relationship 

20 to the period of time used to calculate the given share price S* . 
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In determining the interval of time that is used to determine <x* and S\ it is also 

appropriate to consider the length of time from t~ 0 to t = T (e.g., the time from today to 
the no default horizon). For example, if the no default horizon T is one year in the future, 
it may be appropriate to have S* and <j* s reflect the most recent 3 months of stock price 
5 activity. Alternatively, if the no default horizon T is ten years in the future, it may be 
appropriate to have S* and <j* s reflect a longer interval, such as the most recent three 

years of stock price activity. 

If one uses implied volatility, as should be given by the equity option of the same 
maturity as the maturity of the credit spread. 
10 As stated above, we consider the asset value V as a log-normal variable: 



(12) 



( crM 
V = V 0 exp ay-—t 

v 1 J 



where y is a factor representing Brownian motion with a zero mean and standard 



15 



deviation 4t (standard Brownian motion). 



The concept of using Brownian motion to model price movement in financial 



markets is well established. FIG. 2 illustrates a one-dimensional plot of Brownian 



motion. An example of a simple formula for generating a plot of price as random 



Brownian motion is: 



(13) 



P(t) = P(t - 1) * expO + 0.5 * a * Z), 
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where, P is the price, ju is the drift, a is the standard deviation and Z is a (0,1) 
normal random variable. 

We next assume that the company's asset value V has a zero drift ju over time. 
The rationale behind this assumption is provided below. 
5 Near the default boundary, the asset value Fis approximated by the linear 

expression: 

(14) V = ZD + -. 

a 



10 As a result, for the asset value drift \x one has 



( 15 ) ju(LD + Sfa)=(r-p)S/a => //->0 as S-»0. 



where (r - p) is the stock drift (r is the stock financing rate, p the dividend 

15 yield). 

For large values of the stock price relative to the default boundary, it is reasonable 
to assume that the company will issue more debt as the equity value grows to keep the 
leverage level steady or pay dividends, distributing assets to its shareholders. It should be 
noted that this approach is consistent with most debt covenants allowing companies to 
20 pay dividends out of earnings, or retain earnings in assets that are not collateral to an 

anterior debt. In either case, the drift of the assets relative to the default boundary would 
in fact become zero. 
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As a result, while deriving the closed form solution (4) below, it is correct to 
assume that ju ~ 0 is the best approximation for the pricing of credit as equity derivatives. 

The expected debt recovery fraction L of debt is a key parameter in the 
evaluation of the default probability. Thanks to the publication of many statistics from 
the rating agencies, it is possible to develop a good knowledge of historical recovery 
values in case of bankruptcy, in particular for the United States. The main statistics are 
averages and standard deviations by classes of absolute seniority, and some statistics by 
Industry. As mentioned above, sources such as Moody's or Standard & Poor's provide 
this type of information. 

One prevalent conclusion of these studies is the extreme variance of the 
distribution of recoveries, which is consistent with the difficult task of predicting what 
debt will recover in case of default. To illustrate this point, we can point out at least five 
unknown scenarios that will greatly affect recovery, and therefore the expected debt 
recovery fraction L : 

1) What is the credit event: failure to pay and bankruptcy or a troubled restructing 
with banks? 

2) Is the default the result of financial or operational difficulties? 

3) Will the company be restructured or liquidated? 

4) What are the performance, value and liquidity of similar industrial assets? 

5) To what extent does the divergence of interest between management, 
shareholders and several classes of debt holders result in wasted opportunities and loss of 
wealth for all investors? 
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Because of the different possible debt recovery fractions based on the answers to 
at least these four questions, it is helpful to incorporate both the mean L and the variance 
of recovery values (in the form of percent standard deviation X described below) as two 
parameters affecting the pricing of credit risk. 

Therefore, in the instant invention, we also introduce the percentage standard 
deviation X (0<= X <= 1) to account for uncertainty of the debt recovery fraction L . 
Percentage standard deviation X is computed from a standard deviation using the 
equation: 



where, oi is the standard deviation of historical debt recovery fractions L, and 
expected debt recovery fraction L is the mean or average of the historical debt recovery 
fractions L. 

Having provided a basis for the inter-relationship between the various factors in 
determining a company's future probability of no default, we can provide a closed form 
formula for the probability of no default B(T) between times / = 0 and f = T in the form: 



(16) 




(17) 



B(T) = N 



\n(d) 



-0.5A T -d*N - 



ln(d) 



-0.5A T , 



and 



(18) 
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(19) d JS Q +LD)exp(A 2 ) 

LD 

All of the factors have been previously described except the factor N( ) in Eq. 
5 ( 17 ), which is the cumulative standard normal distribution function. It is notable that 
the company's probability of no default is thus described completely with reference to 
observable market information. Further, the intermediate factors, such as initial asset 
value Vq, and asset volatility o; which are functions of the same observable market 
information, have been eliminated by incorporation in the final closed form equations. 
10 From the above, it can also be observed that the annualized default spread, s(T) , 

for a time horizon T is then given by: 

(20) s(T) = -j\n(B(T)) 

15 The model produces a wide range of possible term structures of default spreads 

Referring now to FIG. 3, we provide an example embodiment of the method of 
the invention. The method begins with system 100 at step 300. At step 302, system 100 
determines a given share price ( S* ) of the company. As stated above, the given share 

20 price (S* ) of the company is one aspect of the observable market information 301 used 

by the invention. This information is available from a variety of sources, such as regular 
or real-time reporting, such as stock trade information. Observable market information 
301 is also available through publications such as company annual reports, Securities and 
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Exchange filings, and market analysis or reporting available from companies such as 
Moody's and Standard & Poor's. 

At step 304, system 100 determines volatility (crj ) of the given stock price (S* ) 

of the company. This information may be part of observable market information 301 that 
5 is readily available, or it may be determined by system 100 from the variously reported 
stock prices. 

At step 306, system 100 determines a current stock price (S 0 ) of the company. 
This information is also part of observable market information 301 . 

At step 308, system 100 determines the amount of debt per share (D) of the 
1 0 company. This information is also part of the observable market information 301 . 

At step 310, system 100 determines the expected debt recovery fraction (I ). 
This information is also part of the observable market information 301 . 

At step 312, system 100 determines the percentage standard deviation in the 
expected debt recovery fraction (A). This information is also part of the observable 
1 5 market information 301. 

At step 314, system 100 uses the given stock price (S* ), the deviation of the stock 

price(cr^ ), the current stock price(5' 0 ), the debt per share of stock(D), the expected debt 

recovery fraction ( L ) and the deviation in the expected debt recovery fraction (A) to 
determine the company's probability of no default. 
20 At step 3 16, system 100 provides the company's probability of no default on 

output device 118. 
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At step 318, system 100 determines whether additional probabilities are required. 
If additional probabilities are required, system 100 branches to step 302. Otherwise, 
system 100 branches to step 320 and ends. 

In the embodiment illustrated in FIG. 3, information for determining the various 
5 factors is shown as part of the observable market information 301 . It is also possible that 
system 100 determines some of the factors internally. In particular, system 100 may 

calculate either or both of the factors representing volatility (<j* s ) of the given stock price 

(iS* ) of the company and percentage standard deviation (X) of the expected debt recovery 

fraction (L ). 

10 Compared to the works of Merton and Leland, the instant invention has the 

following features: 

The invention emphasizes focusing on the key stock volatility terms SV^ in 
addition to the stock price S Q as credit is priced as an Exotic Equity Derivative . 

In the invention, the use of an approximation for the asset volatility term <r, as 
1 5 well as the drift term ft allows one to find a simple closed form solution and focus on the 
interpretation of its key parameters. 

The linear approximation for initial asset value V 0 as a function of S 0 in the 
invention leads to a very generic closed form solution that can approximate any 
sophisticated model relying on similar fundamental assumptions. 
20 The interpretation of the total recovery of debt, in percent of par, is an important 

parameter in the linear approximation for the volatility a and initial asset value V Q . 
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The identification of the variance of debt recovery value X is a parameter playing 
an important role in the closed form solution of default probability and its term structure. 

Using the invention thus described, it is possible to consider the impact of these 
observable market factors. As illustrated in Tables 1A, 1C ? IE and 1G below, the default 
probability is sensitive to the expected debt recovery rate of debt level ( L ) and its 
percentage standard deviation (A). Tables IB, ID, IF and 1H below illustrate similar 
sensitivities in the credit spread of a debt instrument that carries the same recovery as the 
average. 
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Tables 1 A - ID illustrate a relatively low-risk company with S/D = 2, while Tables IE - 
1H illustrate a relatively high-risk company with S/D = 0.5. In Tables 1 A, 1C, IE and 
1G, the default probability is expressed in basis points. Thus, in Table 1 A with (A) = 0.4, 
and T = 5 five years, the default probability of the relatively low-risk company (S/D = 2) 
5 is determined to be 343 basis points (or 3.43 %) per year. For a similarly situated, but 
higher risk company (S/D = 0.5), in Table IE the default probability is determined to be 
764 basis points (or 7.64%). 

As illustrated in the tables, it is particularly interesting to see that these parameters 
have an important impact on the term structure with an opposite impact on the long term 

10 and the short term credit spread. 

As illustrated in Tables IB, ID, IF and 1H we have taken a very standard case of 
an relatively low-risk company with an upward slopping credit curve with the 5 year 
credit spread between 150 and 175 basis points, as well as a more risky case, with the 5 
year credit spread around 400 basis points. The credit spread for these types of 

15 companies are illustrated generally in FIGs. 4B or 4C. From Table IB, we see that a 
higher variance of recovery of debt (X ) leads to higher short term credit spreads (1 or 2 
years). However, the same higher variance of recovery of debt (I 2 ) leads to lower long 
term credit spreads (8 or 10 years). From Tables ID and 1H, a higher expected recovery 
of debt (i ) leads to higher short term spreads (1 or 2 years), while the same higher 

20 expected recovery of debt ( L ) leads to lower long term spreads (8 or 10 years). 

However, intermediate durations (5 or 6 years) have less sensitivity to both of these 
parameters {X and L ). 
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Note that the sensitivities in Tables 1 A - 1H were all determined with a constant 
stock volatility ( <j* s ) of 50%. 

It is important to keep in mind that the parameter L has an impact on the 
relationship between asset and stock volatility. Although we assume that asset volatility 
5 is constant, the calibration of asset volatility can only be done based on the observation of 
the actual stock volatility, historical or implied. 

Normalized Probability of No Default 

For certain types of transactions it is important to consider an embodiment of the 
instant invention where the probability of no default B(T) for a future time (e.g., T > 0)is 
10 normalized by the probability of no default today (i.e., B(T) at time T = 0). This is 
provided by Eq. 21 below: 



7 B(T) 

(2D T = W)' 



15 It is understood that in the majority of cases, the probability of no default today 

B(0) is unity or close to it, and that therefore normalizing B(T) by B(Q), according to Eq. 
21, will yield the same or virtually the same value. However, there may be circumstances 
where B(0) is not unity, even though the company is not yet in default. For example, a 
company with semi-annual maturity dates on coupon bond payments may be unable to 

20 make the next coupon payment, which is due in 5 months, even though they are not yet in 
default. Using the instant invention, the company's probability of no default on short- 
term credit protection that extends beyond the next coupon payment, will be different 
depending upon whether the probability of no default is normalized or not. Accordingly, 
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for some cases, it is desirable to normalize the probability of no default according to 
Eq.21. 

Applications for the Invention 

The closed form formula above employs observable market data and financial 
5 data and parameters supported by many statistical sources and studies (Stock price and 
volatility, debt per share, mean and variance of recovery value of debt) 

Using the system and method described above, it is possible to provide: credit 
spread calculations for high yield business applications including credit derivatives; risk 
management of credit default swaps and other credit derivative instruments; portfolio 
10 management; and economic capital calculations. 

In particular, knowing the term structure of default probability allows one to 
compute credit spreads such as par credit default swap spreads, par floating rate notes 
spreads, par fix coupon spreads, asset swap spreads, etc. . . 

The invention also provides a robust relationship between credit spreads, equity 
1 5 prices and volatility that can be used as a price discovery tool to determine a fair market 
price of the credit risk, on a name by name basis, for illiquid credits that have public 
equity. The invention also allows use of equity derivatives to hedge credit risk on a name 
by name basis. The invention can be used to build a proprietary portfolio of relative 
value arbitrages between debt, equities and equity derivatives. 
20 The closed form formula of default probability can also be used as a credit rating 

tool that feeds itself from observable parameters and market data that can be updated 
more frequently with recent information and stock prices. 
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The simplicity and transparency of the closed form solution makes it an ideal 
candidate to perform risk management and analysis of large portfolios of credit 
exposures. The computational efficiency of such a closed form formula allows for a large 
portfolio to be recomputed daily, or even more frequently during the day on a real time 
5 basis and allows the computation of economic capital, value at risks and stress tests. 

Many of the parameters used in the invention are already used and implemented 
in Equity Derivatives and Credit Derivatives systems of pricing and risk management. 
Therefore, the invention can be easily implemented by financial institutions with a 
presence in the credit derivatives markets such as banks, brokers, dealers, insurance and 
10 re-insurance companies, equity and fixed income mutual funds, hedge funds involved in 
equities, straight and convertible debt, etc... 

The simplicity and transparency of the closed form solution, and the simple 
interpretation of the various parameters, can also be used by corporations and their 
management to assess the impact of various investment or financing strategies on their 
1 5 own corporate credit profile. 

The simplicity, transparency and computational efficiency of the closed form 
solution, the simple interpretation of the various parameters, can be used by regulators or 
self regulating entities of financial institutions to increase the effectiveness of reporting 
and communication of credit risk exposures. 
20 Example 

Using the instant invention, we provide the following example of determining the 
probability of no default of two different companies. 
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Referring to Table 2 above, system 100 of the invention first collects recent stock share 
price information from the two companies (here reflected as Company A and Company 
B). In this example, the period of interest for determining the probability of no-default 
(T) is three years. Therefore, it is advantageous to select a sufficiently long period of 
5 recent stock share price information. In the example we have used two months of stock 
price information. However, longer or shorter relative periods may be appropriate, 
depending on the application of the invention. We will also use the closing share price in 
our calculations, though it is also possible to use some other consistent price, such as 
daily high, daily low or daily average. 
1 0 Table 2 A provides the daily closing price of the stock of Companies A and B for 

the most recent two months. Using this information, system 100 determines the 
respective volatilities <x* in that closing share price for each company. This is done by 
using the above described formula for determining volatility. 

Next, by referring to any number of sources, such as the company annual reports, 
1 5 or regular SEC filings, we determine the debt per share D of each company. 

Because Company A and Company B are in similar industries, by referring to the 
above-mentioned Moody's or Standard & Poor's reports, we find that an expected debt 
recovery fraction L in their industries is 50% (or 0.5). From the same sources, we find 
the percentage standard deviation X of the debt recovery fraction is 30% (or 0.3). 
20 These factors allow us to determine the asset value Vo and asset volatility a, 

according to Eqs. ( 10 ) and ( 1 1 ) above. 
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Using these factors, we can then determine d according to Eq. ( 19 ) above, and 
At and A T according to Eq. ( 18 ) above. This allows us to determine B(T) between time 
T = 0 (today) and T= 3 (three years in the future) for both companies. 

Finally, the annualized default spread, s(T) for the three year time horizon is 
5 determined according to Eq. ( 20 ) and plotted for each company. This is illustrated for 
the example companies in FIG. 5. 

Although illustrative embodiments have been described herein in detail, it should 
be noted and will be appreciated by those skilled in the art that numerous variations may 
be made within the scope of this invention without departing from the principle of this 
1 0 invention and without sacrificing its chief advantages. 

In one embodiment, system 100 is a distributed computing system such as 
multiple computers or components interconnected on a local area network, wide area 
network, or computer components linked to each other over the Internet. The 
interconnection of the components or elements of the system may be wired, or wireless. 
1 5 In one embodiment, the observable market information is maintained by database 

storage components of system 100. 

In one embodiment, the observable market information is maintained external to 
system 100, but system 100 can access the information. 

In one embodiment, the invention is used to rate individual financial instruments 
20 of a company, such as a bond. 

In one embodiment, the invention is used to rate all financial instruments of a 

company. 
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In one embodiment, the invention is used to rate a portfolio of financial 
instruments from multiple companies. 

In one embodiment, the invention is used to establish a price for financial 
instruments, or as one factor in establishing a price for financial instruments. 

In one embodiment, the invention is used to compare risk of multiple companies 
and make investment decisions using at least the probability of no default of the 
companies. 

Unless otherwise specifically stated, the terms and expressions have been used 
herein as terms of description and not terms of limitation. There is no intention to use the 
terms or expressions to exclude any equivalents of features shown and described or 
portions thereof and this invention should be defined in accordance with the claims that 
follow. 
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We claim: 

1 . A method for determining a company's probability of no default 

comprising: 

determining a factor reflecting price volatility of shares in the company; 
determining a factor reflecting price of the shares in the company; 
determining a factor reflecting debt per share of the shares in the 

company; 

determining a factor reflecting expected debt recovery fraction; 
determining a factor reflecting deviation of the expected debt recovery 

fraction; and 

determining the company's probability of no default using at least the 
factor reflecting price volatility of shares in the company, the factor reflecting price of the 
shares in the company, the factor reflecting debt per share of the shares in the company, 
the factor reflecting expected debt recovery fraction and the factor reflecting deviation of 
the expected debt recovery fraction. 

2. A method according to claim 1, further comprising calculating a 
second company's probability of no default according to the method of claim 1 and 
making an investment decision after calculating both probabilities of no default. 

3. A method according to claim 1 , wherein the shares in the company 
include equity securities. 

4. A method according to claim 1 , wherein the shares in the company 
include debt securities. 
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5. A method according to claim 1, wherein the factor reflecting price 
volatility of shares in the company includes a standard deviation of share price return. 

6. A method according to claim 1 5 wherein the factor reflecting price 
of the shares in the company includes an average share price. 

7. A method according to claim 1 5 wherein the factor reflecting debt 
per share of the shares in the company substantially excludes long-term debt. 

8. A method according to claim 1, wherein the factor reflecting debt 
per share of the shares in the company substantially excludes short-term debt. 

9. A method according to claim 1 ? wherein the factor reflecting debt 
per share of the shares in the company includes all company debt. 

10. A method according to claim 1 , wherein the factor reflecting 
expected debt recovery fraction includes a value reflecting historical statistics of debt 
recovery values. 

11. A method according to claim 10 ? wherein the historical statistics 
are industry specific. 

12. A method according to claim 10, wherein the historical statistics 
are non-industry specific. 

13. A method according to claim 1 , wherein the method is performed 
on a regular or recurring basis. 
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14. A method according to claim 1 , wherein the method is performed 
before a new financial instrument offering. 

15. A method according to claim 1 , wherein the method is performed 
in conjunction with an existing financial instrument offering. 

1 6. A method according to claim 1 , wherein the probability of no 
default is used as a factor in rating the company. 

17. A method according to claim 1 , wherein the probability of no 
default is used as a factor in rating a particular financial instrument. 

18. A method according to claim 1 , wherein the probability of no 
default is used as a factor in rating a class of financial instruments. 

19. A method according to claim 1 , further comprising determining a 
factor reflecting current price of the shares in the company and determining the 
company's probability of no default also uses the factor reflecting current price of the 
shares in the company. 



probability of no default between time t = 0 and f = T is B(T) and determining B(T) uses 
at least equations substantially in the forms: 



20. A method according to claim 1 9, wherein the company's 




{s 0 +LD)exp(A 2 ) 

Id ; 



A 2 T = (a* s S* /{S* + Ld)) 2 T + Z 2 ;and 



B(T) =N 



\n(d) 



-0.5A T 



-d*N - 



-0.5A T , 
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where S 0 is the factor reflecting current price of the shares in the company, 
S* is a given share price and is the factor reflecting price of the shares in the company, a s 
is a standard deviation of share prices and is the factor reflecting price volatility of shares 
in the company, D is the factor reflecting debt per share of the shares in the company; I 
is the factor reflecting expected debt recovery fraction, X is a percentage standard 
deviation of the expected debt recovery fraction and is the factor reflecting deviation of 
the expected debt recovery fraction, and N is a cumulative normal distribution function. 

21 . A method according to claim 20, further comprising: 
determining a default spread s(t) for a time t = T using at least an equation 
substantially in the form: 



f 1 A 



S (T) = 



1 



ln(5(21). 



22. A method according to claim 20, further comprising: 
determining a normalized probability of no default Z(t) for a time t = T 
using at least an equation substantially in the form: 



Z(T) = B ^ 



B(0) 



23 . A method for determining a company's probability of no default 
over a time period between t = 0 and t = T comprising: 
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determining a standard deviation a s of past share prices in the company; 
determining a current share price S 0 of the shares in the company 
determining a given share price S* of the shares in the company; 
determining a debt per share D of the shares in the company; 
determining a expected debt recovery fraction L ; 
determining a percentage deviation X in the expected debt recovery 

fraction L ; and 

determining B(T) as the company's probability of no default between t = 0 
and t = T using at least a\, So, S*, D, L and I with equations substantially in the forms: 

(^ 0 +l£>)exp(^. 2 ) 



d = 



LD 



A 2 T = (a s S* /(S* + LD)) 2 T + X 2 \and 
B(T) =N 



\ ln(d) -0.5A T ] 


-d*N 











24. Computer executable software code stored on a computer-readable 
medium, the code for determining a company's probability of no default, the code 
comprising: 

code to determine a factor reflecting price volatility of shares of the 

company; 

code to determine a factor reflecting price of the shares of the company; 
code to determine a factor reflecting debt per share of the shares of the 

company; 
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code to determine a factor reflecting expected debt recovery fraction; 

code to determine a factor reflecting deviation of the expected debt 
recovery fraction; and 

code to determine the company's probability of no default using at least 
the factor reflecting price volatility of shares of the company, the factor reflecting price 
of the shares of the company, the factor reflecting debt per share of the shares of the 
company, the factor reflecting expected debt recovery fraction and the factor reflecting 
deviation of the expected debt recovery fraction. 

25. A computer-readable medium having computer executable 
software code stored thereon, the code for determining a company's probability of no 
default, the code comprising: 

code to determine a factor reflecting price volatility of shares of the 

company; 

code to determine a factor reflecting price of the shares of the company; 
code to determine a factor reflecting debt per share of the shares of the 

company; 

code to determine a factor reflecting expected debt recovery fraction; 

code to determine a factor reflecting deviation of the expected debt 
recovery fraction; and 

code to determine the company's probability of no default using at least 
the factor reflecting price volatility of shares of the company, the factor reflecting price 
of the shares of the company, the factor reflecting debt per share of the shares of the 
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company , the factor reflecting expected debt recovery fraction and the factor reflecting 
deviation of the expected debt recovery fraction. 

26. A programmed computer for determining a company's probability 
of no default, comprising: 

a memory having at least one region for storing computer executable 
program code; and 

a processor for executing the program code stored in the memory; wherein 
the program code includes: 

code to determine a factor reflecting price volatility of shares of 

the company; 

code to determine a factor reflecting price of the shares of the 

company; 

code to determine a factor reflecting debt per share of the shares of 

the company; 

code to determine a factor reflecting expected debt recovery 

fraction; 

code to determine a factor reflecting deviation of the expected debt 
recovery fraction; and 

code to determine the company's probability of no default using at 
least the factor reflecting price volatility of shares of the company, the factor 
reflecting price of the shares of the company, the factor reflecting debt per share 
of the shares of the company, the factor reflecting expected debt recovery fraction 
and the factor reflecting deviation of the expected debt recovery fraction. 
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27. A financial instrument including a risk rating based in part on a 
probability of no default by a company, the company's probability of no default 
determined by a method comprising: 

determining a factor reflecting price volatility of shares in the company; 

determining a factor reflecting price of the shares in the company; 

determining a factor reflecting debt per share of the shares in the 

company; 

determining a factor reflecting expected debt recovery fraction; 
determining a factor reflecting deviation of the expected debt recovery 

fraction; and 

determining the company's probability of no default using at least the 
factor reflecting price volatility of shares in the company, the factor reflecting price of the 
shares in the company, the factor reflecting debt per share of the shares in the company, 
the factor reflecting expected debt recovery fraction and the factor reflecting deviation of 
the expected debt recovery fraction. 
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ABSTRACT 

Using observable market factors which reflect a current share price, a given share 
price, volatility in given share price, expected debt recovery fraction, and percentage 
standard deviation in the expected debt recovery fraction, the instant invention provides 
probability estimates for no default by a company within a given future time horizon. 
The invention has applications in the field of bond and company rating and calculation of 
credit spreads. The invention also provides a relationship between credit spreads, equity 
prices and volatility, useful as a price discovery tool in determining fair market price of 
the credit risk, on a name basis for credits that have public equity. 
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Declaration and Power of Attorney For Patent Application 

English Language Declaration 

As a below named inventor, I hereby declare that: 

My residence, post office address and citizenship are as stated below next to my name, 

I believe I am the original, first and sole inventor (if only one name is listed below) or an original, 
first and joint inventor (if plural names are listed below) of the subject matter which is claimed and 
for which a patent is sought on the invention entitled: 

METHOD AND SYSTEM FOR DETERMINING A COMPANY'S PROBABILITY OF NO 
DEFAULT 

the specification of which 
(check one) 

St is attached hereto . 

□ was filed on as United States Application No. or PCT 

International Application Number 

and was amended on 

(if applicable) 

I hereby state that I have reviewed and understand the contents of the above identified specification, 
including the claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose to the United States Patent and Trademark Office all information 
known to me to be material to patentability as defined in Title 37, Code of Federal Regulations, 
Section 1.56. 

I hereby claim foreign priority benefits under Title 35, United States Code, Section 1 19(a)-(d) or 
Section 365(b) of any foreign applications) for patent or inventor's certificate, or Section 365(a) of 
any PCT International application which designated at least one country other than the United 
States, listed below and have also identified below, by checking the box, any foreign application for 
patent or inventor's certificate or PCT International application having a filing date before that of 
the application on which priority is claimed. 

Prior Foreign Application(s) Priority Not Claimed 

□ 

(Number) (Country) (Day/Month/Year Filed) 

□ 

(Number) (Country) (Day/Month/Year Filed) 
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(Number) (Country) (Day/Month/Year Filed) 



I hereby claim the benefit under 35 U.S.C. Section 1 19(e) of any United States provisional 
application(s) listed below: 



(Application Serial No.) (Filing Date) 



(Application Serial No.) (Filing Date) 



(Application Serial No.) (Filing Date) 



I hereby claim the benefit under 35 U. S. C. Section 120 of any United States applications), or 
Section 365(c) of any PCT International application designating the United States, listed below and, 
insofar as the subject matter of each of the claims of this application is not disclosed in the prior 
United States or PCT International application in the manner provided by the first paragraph of 35 
U.S.C. Section 1 12, 1 acknowledge the duty to disclose to the United States Patent and Trademark 
Office all information known to me to be material to patentability as defined in Title 37, C F. R., 
Section 1.56 which became available between the filing date of the prior application and the 
national or PCT International filing date of this application: 



(Application Serial No.) (Filing Date) (Status) 

(patented, pending, abandoned) 



(Application Serial No.) (Filing Date) (Status) 

(patented, pending, abandoned) 



(Application Serial No.) (Filing Date) (Status) 

(patented, pending, abandoned) 

I hereby declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these statements 
were made with the knowledge that willful false statements and the like so made are punishable by 
fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that 
such willful false statements may jeopardize the validity of the application or any patent issued 
thereon. 



NY2:#4380256 



Page 3 of 4 



POWER OF ATTORNEY: As a named inventor, I hereby appoint the following attorneys) and/or 
agent(s) to prosecute this application and transact all business in the Patent and Trademark Office 
connected therewith, (list name and registration number) 

Christopher E. Chalsen, Esq. Reg. No.: 30,936 

John M. Griem, Jr., Esq. Reg. No.: 40,005 

James R. Klaiber, Esq. Reg. No.: 41,902 

W. Jackson Matney, Jr., Esq. Reg. No.: 39,292 

David H. Hwang, Esq. Reg. No.: 38,697 

Michael H. Jacobs, Esq. Reg. No.: 41,870 

Lawrence T. Kass, Esq. Reg. No.: 40,671 

Tedd W. Van Buskirk, Esq. Reg. No.: 46,282 

Christopher L. Holm, Esq. Reg. No.: 39,227 

Send Correspondence to: 

Chris L. Holm 

Milbank, Tweed, Hadley & McCloy LLP 
1 Chase Manhattan Plaza 
New York, NY 10005-1413 



Direct Telephone Calls to: (name and telephone number) 


Chris L Holm 
(212) 530-5734 




Full name of sole or first inventor 






Jean-Pierre Lardy 






Sole or first inventor's signature fjJjy^Az — 




9H^eo Date 


Residence 






300 East 75 th Street, Apt. 14N, New York, NY 10021 






Citizenship 
France 


Post Office Address 






300 East 75 th Street, Apt. 14N, New York, NY 10021 







Full name of second inventor, if any 




Vladimir Finkelstein 




Second inventor's signature 


Date 


Residence 




62 Semino Way, Short Hills, NJ 07078 




Citizenship 

United States 


Post Office Address 




62 Semino Way, Short Hills, NJ 07078 
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Full name of third inventor, if any 




r ninppe Jv. JSJiuong-niiu 




Third inventor's signature 


Date 


Residence 




447 East 47 th Street, PH, New York, NY 10022 




Citizenship 
France 


Post Office Address 




447 East 47 th Street, PH, New York, NY 10022 





Full name of fourth inventor, if any 




Yunong Neil Yang 




Fourth inventor's signature 


Date 


Residence 




7 Rainbow Drive, Millington, NJ 07946 




Citizenship 

United States 


Post Office Address 




7 Rainbow Drive, Millington, NJ 07946 





